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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the thermal treatment 

equipment which heat-treats to a processed substrate using reactant gas. 

[0002] 

[Description of the Prior Art] In manufacture of a semiconductor device, for example, the vertical mold 
thermal treatment equipment is known as equipment which forms a phosphorus dope silicon film on a 
semiconductor substrate. A vertical mold thermal treatment equipment for example, in the coil 12 made 
from the quartz which equipment as shown in drawing 5 was used, and was surrounded at the heater 1 1 
The wafer boat 13 which held several semiconductor wafers (henceforth a wafer) W in the shape of a 
shelf is carried in from a lower part side, many While heating the inside of a coil 12 at 500-600 
degrees C at said heater 1 1, for example, POC13 gas is introduced from the gas installation means 14, in 
the silicon on Wafer W, Lynn is diffused and a phosphorus dope silicon film is formed. 
[0003] The exhaust pipe 15 prolonged horizontally is connected to the coil 12, and the water-cooled trap 
16 is formed in the downstream of this exhaust pipe 15. The downstream of the water-cooled trap 16 is 
connected to the factory exhaust air way through perpendicular exhaust pipe 15a and the perpendicular 
exhaust 17. Although POC13 which is reactant gas reacts with 02 supplied to coincidence and a 
phosphorus pentaoxide (P205) is subgenerated, this phosphorus pentaoxide serves as a viscous liquid at 
the temperature of 150 degrees C or less. For this reason, in order to send a phosphorus pentaoxide to 
the water-cooled trap 16 with a gas, the tape heater 18 which is a heating means is twisted, and it is 
controlled by the exhaust pipe 15 so that a tube wall becomes 150 degrees C or more by the power 
control section 19. And exhaust gas is cooled within the water-cooled trap 16, and it has the composition 
of collecting phosphorus pentaoxides. The water-cooled trap 16 is a cavity in which a peripheral wall 
and a bottom wall form a cooling water way, and has composition which sticks a trap container and fits 
in into this cylinder object using the water cooled jacket with which the upper surface consists of a 
cylinder object which carries out a opening. 
[0004] 

[Problem(s) to be Solved by the Invention] However, since the tape heater 18 is conventionally used for 
the exhaust pipe 15 in equipment, there is a problem that the energy efficiency as the whole vertical 
mold thermal treatment equipment falls. Moreover, since exhaust gas is heated by 150 degrees C or 
more at the tape heater, in order to quench this hot gas as a trap, high refrigeration capacity is required, 
and, for this reason, the water-cooled trap 16 is used. 

[0005] It is difficult for this water-cooled trap 16 to check the liquid daily dose of the caught phosphorus 
pentaoxide, since it has composition in which a water cooled jacket encloses the perimeter of a trap 
container like previous statement, and it must remove and wash a trap container from a water cooled 
jacket manually to remove the phosphorus pentaoxide caught since it was hard to take a drain way, and 
the problem that a maintenance is troublesome produces it. 

[0006] Although the method of making a coil 12 and the water-cooled trap 16 approach is also 
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considered without using the heating means of tape heater 1 8 grade here, since heat treatment is 
performed in the no less than 500-600 degrees C elevated temperature condition, it is necessary to cool 
further hot exhaust gas, and a water-cooled trap with more high refrigeration capacity is needed in a coil 
12 like previous statement. 

[0007] This invention is made in view of such a situation, the purpose attains energy saving, and 

offering an easy thermal treatment equipment has a maintenance. 

[0008] 

[Means for Solving the Problem] In a thermal treatment equipment which a thermal treatment equipment 
concerning this invention introduces reactant gas in a reaction container with which a processed 
substrate was carried in, and heat-treats to said processed substrate The 1st exhaust pipe extended 
toward a lower part side near the reaction container which is the elevated-temperature part which is the 
degree which a reaction by-product which is connected to said reaction container and contained in 
exhaust gas from the reaction container concerned does not liquefy, It is prepared in a down-stream edge 
of this 1st exhaust pipe, and is characterized by having a trap for liquefying and catching said reaction 
by-product. 

[0009] According to such a configuration, even if a resultant which temperature of exhaust gas fell 
within the 1st exhaust pipe, and liquefied to the tube wall concerned adheres, since it flows to a trap by 
the side of a lower part and falls, it can suppress that the resultant concerned stops in the 1st exhaust 

[0010] Moreover, since a trap may be made into air cooling in above-mentioned invention, and it is not 
necessary to enclose the perimeter of a trap container with a water cooled jacket according to such a 
configuration, a discharge means for removing a resultant can be established without removing for 
example, a trap container in the base section, and maintenance nature improves. Furthermore, a trap may 
constitute at least a part from a transparent material, and can check easily an amount of a reaction by- 
product which this stored from the outside so that the amount of storage of a liquid of a reaction by- 
product can be seen from the outside. POC13 is mentioned as an example of reactant gas, and a 
phosphorus pentaoxide is generated as a reaction by-product in this case. 

[001 1] You may constitute so that the 2nd exhaust pipe extended toward the upper part from a trap may 
be connected, and since it flows and falls to a trap even if according to such a configuration a reaction 
by-product passes a trap and adheres to the 2nd exhaust pipe, recovery of a reaction by-product can be 
ensured to the downstream of a trap here. 

[0012] Furthermore, in above-mentioned invention, as for the 1st exhaust pipe, it is desirable to be set as 
length which a part of reaction by-product in exhaust gas liquefies by temperature fall, and according to 
such a configuration, refrigeration capacity of a trap prepared in the downstream is small, and ends. 
[0013] 

[Embodiment of the Invention] Drawing 1 is the schematic diagram showing the gestalt of the operation 
which applied the thermal treatment equipment of this invention to the vertical mold thermal treatment 
equipment. The gestalt of the operation which relates to this invention based on this is explained. A 
lower part side is the coil made from dual structure, for example, a quartz, which forms the reaction 
container which consists of inner-tube 21a and outer-tube 21b which carried out the opening, a heater 22 
surrounds the perimeter and 21 constitutes the heating furnace 23. inner-tube 21a -- from a lower part 
side - many -- the wafer boat 24 which holds the wafer W which are several processed substrates in the 
shape of a shelf is carried in, and it has the composition that close lower limit opening of a coil 21 with a 
lid 25, and heat treatment is performed. Many pores 26 are formed in the ceiling section of inner-tube 
21a, and the exhaust air port 27 with a length of about 3cm is established in the lower part side side wall, 
respectively, and the gas installation pipe 28 is formed in the lower part side side wall of outer-tube 21b, 
and at the time of heat treatment, reactant gas 3, for example, POC1, is constituted so that it may flow 
with the inside [ of gas installation pipe 28 -> pore 26 -> inner-tube 21a ] -> exhaust air port 27. 
[0014] The 1st exhaust pipe 31 is connected to the exhaust air port 27, and the downstream of this 1st 
exhaust pipe 31 is connected to the freezing trap 4 of air cooling which is the container for recycling of 
Myst. When a quartz tube with a length of about 60cm is used, the temperature of the exhaust gas which 
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passes through the interior falls and Myst occurs, near the exhaust air port 27, the 1st exhaust pipe 31 
inclines in a lower part side, goes further caudad, and is perpendicularly piped so that Myst may flow 
and fall to a freezing trap 4. CI is a ramp and C2 is a vertical section. The exhaust gas which flows this 
is cooled, as for the length of the 1st exhaust pipe 31, it is desirable to have estranged from the heating 
furnace 23 to the degree which is a reaction by-product and which a phosphorus pentaoxide liquefies in 
the exhaust air way 31 concerned, for example, and if exhaust gas has got cold before going into a trap 4 
in this way, it can make the burden of cooling of a trap 4 light. 

[0015] Next, the freezing trap 4 of air cooling is explained using drawing 3 (a) and (b). 40 in drawing is 
the container of the shape of a rectangular parallelepiped constituted with a transparence material, for 
example, a quartz, input 41 and an exhaust port 42 are established in the ceiling section of right-and-left 
both ends, and the 1st above-mentioned exhaust pipe 31 and 2nd above-mentioned exhaust pipe 32 
mentioned later are connected to each. 

[0016] In a container 40, the exhaust gas which passes through the container 40 interior concerned is 
cooled, and the obstructions 43 and 44 of two sheets are established as an obstruction for catching Myst 
which is liquefied and is produced from the exhaust gas concerned. Since obstructions 43 and 44 are 
arranged as they become alternate through an opposed face and few crevices in the near side for 
example, in the container 40 at the time of seeing from A as it is the plate which consists of a quartz and 
is shown in drawing 3 (a), and the side wall side by the side of the back, the crookedness passage of 
exhaust gas which winds until it reaches [ from input 41 ] an exhaust port 42 is formed. Moreover, 
adhering Myst was transmitted to the wall surface, and each lower part side of obstructions 43 and 44 is 
distant from the base of a container 40 so that it may flow and fall to a lower part side. Therefore, the 
space by the side of container 40 lower part forms the reservoir 45 which stores Myst which flows and 
falls, and the exhaust port 46 which is the discharge means of stored Myst is formed in the base. The 
drain pipe 47 with which the bulb VI was interposed is connected to the exhaust port 46. 
[0017] The 2nd exhaust pipe 32 connected to the downstream of an exhaust port 42 is perpendicularly 
piped towards the upper part from the exhaust port 42 concerned, for example, is constituted by 
fluororesins, such as Teflon. A pressure sensor 5 and the exhaust-pressure controller 6 which controls an 
exhaust pressure based on the pressure detection value of this pressure sensor 5 are interposed in this 
2nd exhaust pipe 32 sequentially from the upstream, and it is open for free passage on the factory 
exhaust air way which is not illustrated through a bulb V2. 

[0018] Signs that this exhaust 100 is attached at the main part of a vertical mold thermal treatment 
equipment are shown in drawin g 2 here by using as the exhaust 100 the part shown by the dotted line in 
drawing 1 . 20 in drawing 2 makes the sheathing object surrounding the perimeter of a coil 21 (heating 
furnace 23) — it is the case of a rectangular parallelepiped configuration mostly, and the exhaust 100 is 
formed in the back of the sheathing object 20 so that it may be enclosed in the longwise case 101, for 
example, may illustrate. 

[0019] Next, the operation in the gestalt of this operation is explained. Here, the silicon film on Wafer 
W is made to diffuse Lynn by heat treatment, and it explains taking the case of the production process 
which forms phosphorus dope silicon. The wafer boat 24 in which 100 wafers W were laid first, for 
example is carried in in a coil 21, and POC13 which is reactant gas is passed in a coil 21 with the carrier 
gas which consists of nitrogen gas, and 02. The inside of a coil 21 is mostly made into ordinary pressure 
and a 500-600-degree C heating ambient atmosphere, for example, and a phosphorus pentaoxide is 
subgenerated, while POC13 decomposes, being incorporated in the silicon film of the wafer W surface 
and forming phosphorus dope silicon. 

[0020] On the other hand, suction is always performed from the factory exhaust air way of an exhaust 
side (downstream), and the ambient atmosphere in a coil 21 is adjusted by the pressure [ a little ] lower 
than ordinary pressure by the exhaust-pressure controller 6 based on the pressure detection value of a 
pressure sensor 5. For this reason, although exhaust gas is attracted in the 1st exhaust pipe 31, 
temperature falls as it separates from a heating furnace 23, and a phosphorus pentaoxide liquefies the 1st 
exhaust pipe 3 1 in the place which became 150 degrees C or less. Although the 1 st exhaust pipe 3 1 is [ / 
near the coil 21 ] level, inside is as higher as this horizontal level than the liquefaction temperature of a 
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phosphorus pentaoxide, and since the part which a phosphorus pentaoxide liquefies is a part which goes 
to the lower part side which is separated from a coil 21, it is transmitted to the wall of the 1st exhaust 
pipe 31 with gravity, and the phosphorus pentaoxide liquefied within the 1st exhaust pipe 31 flows to a 
freezing trap 4, and falls. 

[0021] And exhaust gas enters from the upper input 41 in a freezing trap 4, and hits the wall of a 
container 40, or the obstructions 43 and 44 which form crookedness passage as stated above in the 
process in which change a travelling direction 180 degrees here, and the sense of a travelling direction is 
changed while flowing to an exhaust port 42 and going. Since each wall surface has been influenced of 
the temperature of the open air since it is separated and arranged from a heating furnace 23, and the 
freezing trap 4 has, so to speak, played a role of a cooling wall, the comparatively low material of the 
evaporation temperature in exhaust gas liquefies, and it adheres to each wall surface concerned as Myst 
here. These Myst flows and falls from a wall surface to a lower part side, and is stored by the reservoir 
45. Since the amount of storage of Myst can be checked from the outside of a container 40, it checks that 
the constant rate has collected and discharges this Myst for a bulb VI from an aperture and a drain pipe 
47. 

[0022] Although the phosphorus pentaoxide which passed through this, without being collected by the 
freezing trap 4 is liquefied within the 2nd exhaust pipe 32, since the 2nd exhaust pipe 32 is 
perpendicularly piped in this case, Myst is transmitted to a wall, and flows and falls to a freezing trap 4. 
[0023] Since it is considering as the configuration which according to the gestalt of this operation turns 
the 1st exhaust pipe 31 to a lower part side near the coil 21 (part [ elevated temperature enough ] which 
a phosphorus pentaoxide does not liquefy), pipes, and forms a freezing trap 4 in the down-stream edge 
as mentioned above As the reaction by-product in exhaust gas is the 1st exhaust pipe 31, even if it 
liquefies, a possibility of stopping in the exhaust pipe 31 concerned can decrease, and these can be 
collected by the freezing trap 4 of a down-stream edge. Therefore, the 1st exhaust pipe 31 can take a 
large distance from a coil 21, and the exhaust gas with which temperature fell will flow into a freezing 
trap 4 in this case. That is, since high refrigeration capacity is not required from a freezing trap 4, it can 
constitute, for example as an air-cooled trap. 

[0024] By the air-cooled trap, an exhaust port 46 can be formed in container 40 base, Myst caught 
without removing a freezing trap 4 (container 40) from exhaust pipes 31 and 32 can be discharged as a 
drain, and moreover, since it is constituted by the transparence (translucence is also included) material, 
and the timing which can check the amount of storage of Myst from the outside, and should discharge a 
drain can grasp a freezing trap 4 easily, it is easy to maintain. 

[0025] Moreover, since there is no possibility that Myst which adhered in the exhaust pipe with such a 
configuration may pile up, it can be managed even if it does not heat an exhaust pipe at a tape heater 
etc., and energy saving can be attained. 

[0026] Although at least about 10cm horizontal levels including a part of exhaust air port 27 and 1st 
exhaust pipe 31 are formed from the coil 21 on account of piping or shaping in the thermal treatment 
equipment concerning the gestalt of this operation mentioned above here As shown in drawing 4 (a), it 
is good also as piping to which the 1st exhaust pipe 31 concerned inclines from the connection grade of 
a coil 21 and the 1st exhaust pipe 31, and It is good also as a configuration shown in drawing 4 (b) 
which pipes so that a perpendicular lower part side may be piped near the exhaust air port 27 and the 1st 
exhaust pipe 3 1 may be leaned towards a freezing trap 4 from the middle. 

[0027] In addition, it is not restricted to POC13 and the reactant gas used by heat treatment of the gestalt 

of this operation can also use reactant gas according [ for example, ] to PC13 grade. 

[0028] 

[Effect of the Invention] As mentioned above, according to this invention, energy saving can be attained 
and a maintenance can offer an easy thermal treatment equipment. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation, 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim 1] A thermal treatment equipment which introduces reactant gas in a reaction container with which a processed substrate 
characterized by providing the following was carried in, and heat-treats to said processed substrate The 1st exhaust pipe 
extended toward a lower part side near the reaction container which is the elevated-temperature part which is the degree which a 
reaction by-product which is connected to said reaction container and contained in exhaust gas from the reaction container 
concerned does not liquefy A trap for being prepared in a down-stream edge of this 1st exhaust pipe, and liquefying and catching 
said reaction by-product 

[Claim 2] A trap is a thermal treatment equipment according to claim 1 characterized by being air cooling. 

[Claim 3] A thermal treatment equipment according to claim 1 or 2 characterized by connecting to the downstream of a trap the 

2nd exhaust pipe extended toward the upper part from a trap. 

[Claim 4] The 1st exhaust pipe is a thermal treatment equipment according to claim 1, 2, or 3 characterized by being set as 
length which a part of reaction by-product in exhaust gas liquefies by temperature fall. 

[Claim 5] A trap is a thermal treatment equipment according to claim 1 to 4 characterized by at least a part being constituted by 

transparent material so that the amount of storage of a liquid of a reaction by-product can be seen from the outside. 

[Claim 6] A reaction by-product is a thermal treatment equipment according to claim 1 to 5 characterized by being a phosphorus 

pentaoxide. 



[Translation done.] 



